INTRODUCTION
Even though portfolio diversification is an effective way to minimize risk, correlation patterns of the securities' returns incorporated in a portfolio can produce unfavorable outcomes.
In the aftermath of the global financial crisis, portfolio diversification has transpired to be a strategy with minimal benefits for potential investors, as all major global equity indices were adversely affected. The lesson that we can learn from the recent global economic shock is of great significance in that portfolio diversification does not necessarily provide the same level of risk when the market is severely compromized. As a matter of fact, in severe economic recessions, the entire diversification process may be an illusion.
In this paper, we use historical return data from a set of indices that track the US equity and bond markets. By using the Black-Litterman model (Black & Litterman, 1992) for twenty-five different asset classes that simulate the global market portfolio in the period 2007-2013 and broadly comprises both phases of the business cycle, we evaluate the extent to which investors' portfolios should be allocated to high-yield bonds based on their risk tolerance.
The rest of the paper is organized as follows: Section 1 touches on the respective literature, whilst section 2 elaborates on the data and methodological framework adopted in the empirical investigation. Section 3 discusses the results of our analysis, whilst final section provides some concluding remarks.
LITERATURE REVIEW
High-yield bonds are thought of as a hybrid between investment-grade corporate debt and equity securities. Typically, the volatile price of high-yield bonds is less influenced by interest rate changes than investment grade ones, and they show high correlation with movements in equity markets. Shiller and Beltratti (1992) find a strong correlation between changes in stock prices and long-term bond yields, whilst Campbell and Ammer (1993) verify a low one. More recent studies claim that the correlation between stocks and bonds presents notable time variation (Gulko, 2002; Jones & Wilson, 2004; Cappiello et al., 2006) . According to the IMF (2015), the level of global asset market correlation has jumped upwards to around 80% in the post-crisis period (2008) (2009) ). Between 1997 and 2007, the level of correlation between the major asset classes was around 45%, roughly in line with historic norms. Despite the fact that historically, a crash is invariably accompanied by high correlations as panic drives the markets, in the post-crisis period apart from the soaring levels of asset price, the extant correlations remained high, at about 70%, well above the pre-crisis level, suggesting that the global asset management industry is highly interconnected. As a consequence, there was little room for investors to diversify their portfolios.
The modern analysis on corporate debt has been initiated by Black and Scholes (1973) and Merton (1974) . Merton (1974) points out that the holders of risky corporate bonds can be thought of as owners of riskless bonds who have issued put options to the firm's equity. When volatility increases, the put options increase in value, benefiting equity holders at the expense of bondholders. Bookstaber and Jacob (1986) found that as the quality of long-term corporate bonds declines, the correlation of their returns with the returns of treasury bonds decreases. At the same time, the correlation of corporate bonds with common stock returns increases. Similar findings are provided by Blume and Keim (1987) in their investigation of the risk-return features of junk bonds. Ramaswami (1991) provides evidence that the variance of noninvestment-grade bond returns is more influenced by sector-industry and firm-specific factors compared to investment-grade bonds. Also, Regan (1990) by factoring in his analysis the business cycle phases, hints that the performance of junk bonds and those of low-quality stocks tend to reflect the riskiness of the particular individual companies rather than swings in the capital market. Blume and Keim (1987) argue that noninvestment-grade bond returns exceed investmentgrade bond returns, but remain inferior to stock returns. Equally, the authors demonstrate that the volatility of equity returns is higher than that of both high-yield bond and investment-grade bond returns, perhaps because noninvestment-grade bond prices do not adjust to new information as rapidly as stock and investment-grade bond prices do. Similarly, Altman and Heine (1990) found that junk bonds offer superior returns to investment-grade and treasury bonds, having roughly the same standard deviation in their returns with them. Additionally, Altman and Heine (1990) argue that noninvestment-grade bonds outperform equities, even though stock returns present greater volatility than junk bond returns. Regan (1990) confirms that high-yield bonds outperform investment-grade bonds during economic expansions, but not during contraction periods when noninvestment-grade bond returns trail investment-grade bond returns.
Briere and Szafarz (2008) construct a crisis-proof portfolio by building a portfolio that exhibits the lowest volatility ratio between economic expansion and contraction periods. Overall, Briere and Szafarz (2008) found that junk bond returns are inferior to investment-grade bond returns in the long run and evidence that the standard deviation of high-yield bond returns is lower than the standard deviation of investment-grade bond returns in the long-term horizon. Zivney et al. (1993) argue that studies dated back to 1990 have failed to recognize the largest two constituents of volatility of fixed-income security returns: the capital gains or losses, resulting from changes in interest rates, and the reinvestment rate of coupons that are received at the current level of return, which may differ substantially from the promised yield to maturity. In contrast, the academic papers that are dated back to 1991 or later have controlled for these factors, still, they contained other methodological drawbacks. Manzi and Rayome (2016) , who explore the investment performance of high-yield bonds and emerging market stocks, found that noninvestment-grade bond returns are superior to equity returns, while their standard deviation is lower than the standard deviation of stock returns. Contrary to the previous studies, Reilly et al. (2009) found that the standard deviation of noninvestment-grade bond returns is more than double the standard deviation of investment-grade bond returns, while high-yield bond and investment-grade bond returns are approximately the same. The authors argue also that the standard deviation of noninvestment-grade bond returns is almost the same with the standard deviation of investment-grade bond returns throughout periods when the level of the economic activity follows an uptrend, but it becomes three times bigger than it during periods when the level of the economic activity follows a downtrend, reaching the standard deviation of stock returns. Li et al. (2014) extend the literature on the performance of high yield relative to investment-grade bonds. By assuming that returns are normally distributed, the high-yield bonds exhibit superior returns relative to investment grade ones.
The role of high-yield bonds in investing and the portfolio allocation process
The investment-allocation research area was heavily influenced by Markowitz (1952) work that is considered the foundation of the modern portfolio theory. Although the mean-variance optimization (MVO) as developed by Markowitz (1952) constitutes a significant theoretical breakthrough, its application can be problematic as the expected returns cannot be easily estimated in a reasonable way. This limitation was overcome by Black and Litterman (1992) Manzi and Rayome (2016) argue that junk bonds can be regarded as sound investment vehicles as they promise enhanced returns and diversification benefits for investment-grade bond and equity investors. Kihn (1994) adds that periods of economic contraction contribute to the reduction in the volatility of noninvestment-grade bond returns in the long run, whilst Domian and Reichenstein (2008) argue that high-yield bond returns are not tax-efficient. Thus, individual investors should consider maintaining non investment-grade bonds in their portfolios. Fjelstad et al. (2005) argue that investors with low equity exposure can achieve meaningful portfolio returns through high-yield bonds. The authors show that high-yield bonds should not be regarded as a separate sub-asset class in the asset allocation process. In this context, Trainor Jr. and Wolfe (2006) point out the need for applying exact percentages instead of vague guesstimates regarding the extent to which noninvestmentgrade bonds should be included in investors' portfolios. Using the Black-Litterman model, Trainor Jr. and Wolfe (2006) found that the corresponding percentages decline significantly and are dependent on the spread of high-yield bond returns over investment-grade bond returns.
Briere and Szafarz (2008) stressed the flight-toquality effect, in which the volatility of returns for any security mounts over phases of the cycle. As a result, a bond portfolio that includes high-yield bonds of around 4.22% of total composition can with stand periods of downturn relatively better than a "safe" portfolio. Bekkers et al. (2009) conclude that high-yield bonds add value to a portfolio of ten different asset and sub-asset classes, applying three different research methodologies.
In so far, the literature suggests an equity-like component in high-yield bonds along with their prominent role in the portfolio construction process, and ultimately the investment decision. However, the literature does not provide an unambiguous position as to the extent investors should include in their portfolios high-yield bonds on the basis of their risk tolerance.
EMPIRICAL INVESTIGATION
In demarcating the business cycle phases, we utilize data from the National Bureau of Economic Research (NBER, 2010). In particular, the most recent economic contraction is envisaged to be the period in December 2007 to June 2009, whilst the upswing of the cycle started in July 2009, i.e., following immediately after the Great Recession. The selection of the data frequency plays a key role in order to separate critical information from noise. Choosing a frequency lower than monthly could undermine the empirical analysis due to volatile fluctuations evident on higher frequency data. We opted for monthly data frequency, in our attempt to eliminate fluctuations. We also use indices, i.e., portfolios of securities, which represent specific markets, hence, tracking their overall performance and measuring their aggregate changes with a good level of accuracy. Figure 1 maps out a selection of the key indices used in our study. Table A1 (Appendix) presents the entire spectrum of the indices used, as well as the relevant sources, while Table A2 (Appendix) presents the correlation matrix of the indices used in our study.
Apart from the excess rate of return, we have also computed the nominal risk-free rate of return by focusing on the part of returns that are associated with the embedded risk in the sub-asset classes under study. The most widely quoted benchmark of the nominal risk-free rate of return is the three-month US Dollar (USD) London Interbank Offered Rate (LIBOR). Once the annual threemonth USD LIBOR at the end of each month are collected from Bloomberg Professional Services, we then proceed with the computation of the monthly three-month USD LIBOR at the end of each month.
Realistically, private investors can not include in their portfolios all assets that form the global market portfolio. But they can invest in a broad range of sub-asset classes in order to maintain a portfolio that replicates closely the global market portfolio. According to Maginn et al. (2007) , the selection criteria of the sub-asset classes for this purpose should be homogenous, diversifying and non-overlapping. Furthermore, the total market capitalization of the particular sub-asset classes should make up the biggest possible fraction of the overall investors' wealth, while each sub-asset class should carry the capacity to absorb a considerable portion of a potential investor's capital (Maginn et al., 2007) . The indices that meet the selection criteria, as well as mirror the global market portfolio are depicted in Table  A1 (Appendix). Portfolio optimization constitutes a key operation of the investment management process, determining the weights of the various sub-asset classes in investors' portfolios in such a way as to construct optimal portfolios that offer investors the highest expected rate of return, according to their risk tolerance. One of the parameters of major importance for the successful implementation of the portfolio optimization process is the asset allocation strategy.
Risk tolerance is unique for each investor and constitutes a consequential parameter of the investment and portfolio management process. More specifically, it indicates the degree of volatility of investment returns that an investor can accept, based on their individual characteristics such as family obligations, age, net worth, cash reserves, income expectation sand insurance coverage.
The Black-Litterman model has gained momentum since its publication in 1992, while it remains a popular portfolio optimization model, thanks to its efficiency and ability to construct optimal portfolios for investors with different risk tolerance profiles by implementing the strategic asset allocation strategy.
Even though the bulk of the studies in this area suggest that high-yield bonds play a critical role in the investment and portfolio management process. However, most studies do not provide clear evidence on the extent to which high-yield should be included in investors' portfolios, according to investors' personal risk tolerance. We deal with this ambiguity by looking into the extent to which investors' portfolios are allocated to high-yield bonds, in accordance with the investors' personal risk tolerance, during the two phases of the business cycle, the contraction and the expansion phase.
In so doing, a modified version of the BlackLitterman model is employed in order to construct a breadth of optimal portfolios that cover the entire range of different investors' risk tolerance profiles, determining the exact percentage of investors' portfolios allocation to high-yield bonds, according to investors' personal risk tolerance, over 1 The modified version of the Black-Litterman model has been applied for twenty five different sub-asset classes and the entire process is conducted twice to capture the period of economic expansion and contraction. The programming code can be provided upon request for replication purposes. We compute the monthly total returns at the end of each month in each quarter using the following formula:
( ) The monthly excess returns over the nominal riskfree rate of return of all sampled indices at the end of each month are computed by subtracting the monthly three-month USD LIBOR from the monthly total returns of the particular indices at the end of each month.
Assuming that the aggregate market capitalization of all sampled indices equals to the overall market capitalization of the global market portfolio, the third research hypothesis requires computing the market weights of all sampled indices in the global market portfolio at the end of each month. It is, therefore, required sampling their corresponding market capitalization sat the end of each month. Given the lack of available data, we assume that the market weights of all sampled indices in the global market portfolio remain constant or, in other words, the market capitalizations of all sampled indices have been altered proportionally throughout the time span of our study. Consequently, the market capitalization of all sampled indices are collected at the end of the second quarter of 2016 using Bloomberg Professional Services, the Barclays Guides & Factsheets and Cambridge Associates Private Investment Benchmarks. Next, the market capitalization of the global market portfolio is computed by summing the market capitalizations of all sampled indices. The weights of all sampled indices in the global market portfolio are computed by dividing their market capitalization by the market capitalization of the global market portfolio. The market capitalization and the respective market weight are presented in Table A1 (Appendix).
ESTIMATION RESULTS AND DISCUSSION
The modeling results on the composition of highyield bonds in an investor's optimal portfolio on the basis of their risk profile are summarized in Table 1 .
The results suggest that high-yield bonds should constitute 3.81%, 3.72%, 4.15%, 4.04% and 4.02% of the total composition of the optimal portfolios of the different investors' risk tolerance profiles, moving from the risk-averse to the aggressive risk tolerance profile. For the economic expansion period, the risk compensation of the optimal portfolios for the different investors' risk tolerance profiles are 0.97%, 1.33%, 1.61%, 1.87% and 2.08%, moving from the risk-averse to the "aggressive" risk profile. Evidently, moving from the risk-averse to the aggressive risk profile raises the compensation for the additional level of risk taken. In the economic contraction period, the risk compensation in the optimal portfolios of different investors' risk profile is as follows: 0.45%, 0.96%, 1.35%, 1.62% and 1.86%, moving from the risk-averse towards the aggressive investor.
Our results validate the modified version of the Black-Litterman model. In particular, it is found that the allocation to high-yield bonds on the basis of investors' risk tolerance is quite similar throughout both phases of the business cycle. Furthermore, our results suggest that the allocation to high-yield bonds does not change significantly as we move from the risk-averse to the aggressive risk profile. Instead, there is some preliminary indication that the allocation may follow a random walk. The allocation's pattern can be attributed to the fact that in a well-diversified portfolio, the risk of each investor's portfolio does not depend on the individual risk of each individual asset that is included in it, but is subjected to the risk of the entire asset mix. The latter is substantiated by the fact that the share of high-yield bonds in a global market portfolio of any risk appetite and irrespective of the business cycle does not exceed 4.15% of total assets.
Our results are not aligned with the findings reported in several related studies. However, our results coincide to a considerable extent with Bekkers et al. (2009) 
CONCLUSION
A variant of the Black-Litterman model has provided the platform upon which are fined/unique risk measure is devised and effectively used in the portfolio optimization process. We find that that the percentage that should be allocated to high-yield bonds in investment portfolios ranges between 3.72% to 4.15% over expansionary periods, and between 3.78% to 4.07% over contraction periods and depending on the investor's risk tolerance profile. In simple terms, our results suggest that high-yield bonds do not seem to merit a favorable treatment in the asset allocation process relative to other financial instruments in a global market portfolio.
In passing, it should be stressed that this study has been conducted on the assumption that investors' utility is consistent across all investors' wealth levels and remains constant throughout the entire investment horizon, even though the specific assumption does not hold in the real world of finance. In addition, in the empirical investigation we have not accounted for friction costs, which, undoubtedly, affect an investment strategy, as well as the portfolio allocation in the real world. Although, friction costs could add a great deal of complexity, their inclusion could not guarantee a meaningful contribution to the validity and reliability of our results.
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